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ABSTRACT 

This report summarizes the results of more than 
10,000 individual judgments, carried out in five related studies, all 
concerned with perceived reading efforts of text on visual displays 

Students and personnel \u the Department of Computer 
University of Stockholm ssrved as study subjects. In 
which stimulus materials were real texts with similar 
of names and addresses), subjects were shown stimuli 
at random and were asked to judge their perceived reading efforts 
according to a five grade verbal rating scale: very great effort, 
great effort, neither great nor little effort, little effort, and 
very little effort. Methods and results of the five studies are 
presented in three catagories: color of text and background; context 
colors; and printouts (from eight different printers). Five tables 
and a four-item bibliography support this report. (THC) 
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Reading Efforts on Visual Displays 



This report sunnarizes the results of more than 10.000 individual 
judgements, carried out in five related studies, all concerned 
with perceived reading efforts of text on visual displays and 
print outs. 

In all experiments the stimulus materials have been real texts 
with similar context, lists of names and addresses, showed to the 
subjects at randan. All subjects have been students and personnel 
at the department of Ccnpjter Science at the University of 
Stockholm. The subjects judged their perceived reading efforts 
according to a five grade verbal rating scale: very great effort, 
great effort, neither great nor little effort", little effort and 
very little effort. The scale also ranges from 0 to 100. Hence a 
good combination e.g. of text and background colors has a high 
^ value, while bad combinations have low aaes. 

Color of_text ai^ back3.round_ 

In the first stidy "Color Information Displays and Reading 
Efforts" (Pettersson et.al. 1984), 40 subjects judged the 
aesthetic values of twelve colors and thereafter judged the per- 
ceived reading efforts of the possible 132 color conbinations. 

The combination of various software and the CLEA technical equip- 
ment, a Cromenco microccn^xiter , a Scion Micro Angelo Color sub- 
system and an interfaced digitizer, allowed the researchers to 
"simulate" any kind of actual equipment. However, in this study 
strong efforts were made to relate and define the color stimuli 
used in the experiments to the Natural Color Systan. The colors 
as well as the color combinations were shown at random. All 
experiments were conducted in a controlled "daylight-working- 
situation", which might be very different from other experimental 
situations conducted in a variety of contexts. 
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The context in which a message is presented play a major role with 
respect to our perception of the message. E.g. in sane studies, 
different displays have been used for different subjects. 

The study can be concluded in the following points? 

1. Colors presented m color displays seem to be ranked in the 
same order as surface colors in traditional print media. Blue 
was most popular. 

2. When text is shown on a visual display there is no color com- 
bination which requires very little reading effort and thus is 
very easy to read. From 132 ccanbinations about 35 are accep- 
table. Most combinations are bad. 

3. The best text color is black, which cause good contrast to most 
background colors. 

4. The best color canbination is black text on a white or yellow 
background. 

5. A text can be easy to read in any color, provided the back- 
ground is carefully selected. 

6. The best background color is black, which has good contrast to 
roost text colors. 

7. Reading efforts of color ccsnbinations are independent of the sex 
of the subjects. 

For details regarding p. 2-6 please see Table 1. 
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Table 1. Judged perceived reading efforts, mean values, all subjects 

(high valu es « qcxx3 combinations, low values « bad conbinations) ■ 

Back- 
ground Text 



Whi Gry Bla Bro Yel Y-R Red R-g Blu B-<3 Gm G-Y 



White 




68 


76 


71 


6 


59 


67 


67 


65 


21 


24 


8 


Grey 


61 




71 


52 


58 


20 


19 


12 


11 


56 


50 


61 


Black 


64 


68 


— 


60 


63 


54 


31 


33 


67 


66 


65 


67 


Brown 


66 


43 


62 


— 


65 


40 


20 


11 


36 


59 


61 


65 


Yellow 


5 


57 


75 


66 


— 


48 


60 


57 


54 


19 


18 


3 


Y-R 


54 


25 


66 


50 


45 


- 


20 


27 


28 


36 


32 


46 


Red 


51 


15 


49 


21 


50 


15 


— 


12 


18 


37 


40 


49 


R-B 


64 


17 


44 


8 


60 


31 


13 




26 


51 


54 


66 


Blue 


52 


9 


68 


36 


53 


21 


23 


15 




56 


52 


59 


B-G 


15 


53 


71 


62 


12 


35 


37 


47 


54 




2 


11 


Green 


14 


50 


66 


55 


11 


28 


30 


39 


45 


2 




10 


G-Y 


6 


54 


73 


66 


3 


43 


57 


51 


56 


12 


12 





Calculated NCS-values: 1200 (white) , 5000 (grey) , 8500 (black) , 6040- 
Y50R (Brown), 1060-Y (yeUow) , 1070-Y50R (yellow-red), 1080-R (red), 
2560-R50B (red-blue), 2070-B (blue), 1570-B50G (blue-green), 1070-G 
(green) , and 1070-G50y (green-yellow) . n = 40 
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In the sec»nd stucJy (HSkansson & LindeU, 1984) color cxxnbinations 
"simulating" actual coranerciaUy available equipments were used. 
The terminalVdisplays studied and simulated were: Alfasa^, 
Apple, HP 120, HP 9816, IBM PC, PETP 700 and Visual 300. 20 sub- 
jects judged their perceived reading efforts of texts displayed at 
randan in the color conabinations used in these terminals/displays. 
Each background color was also matched against white text. 

With respect to the siimilated color combinations and perceived 
reading efforts the results showed that: 

1. No color conbination was very good nor very bad 

2. One color combination (IBM PC) , was better than the majority 
and one (Alfascope) was worse. 

For details please see Table 2. 
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Table 2 . Judged perceived reading efforts, mean values, of simulated 
terminal^displays - color combinations 



Terminala'^displavs Mean 1) 



Nanie 


Text color 


Backqround color 






IBM PC 


"Ice blue" (0005-RBOB) 


"Midnight blue" (4040-R8QB) 


68 


(69) 


HP 9816 


*Snow blue'' fQ502-a^ 






(54) 


Apple 


Green (1070-G) 


Black-green (BOIO-^OG) 


54 


(58) 


HP 120 


Green (1060-G) 


Moss-green (8020-fi70G) 


53 


(55) 


Visual 
300 


"Dirty YeUow" 
(1070-Y) 


Brown (7020-Y10R) 


50 


(59) 


PET 700 


Green-yellow 
(1080-G20Y) 


Grey (6502-B) 


47 


(60) 


Alfa 
scx5pe 


"Alfa yellow" 
(1080-Y40R) 


"Redbrown" (7020-Y50R) 


38 


(55) 



1) Mean values in ( ) refer to white text, n = 20 
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Context 



In the third studv (Andersson & Nilsson, 1984) the colors of the 
actual equipnent were altered by placing frames in nine well 
defined colors in front of the terminal. In the e35>eriinent the 
context colors were s&lected at random. For each context ten 
different color combinations on text/background were shown at 
random. 

Thus 20 subjects, students at the department of Ccnpiter Science 
at the University of StockhoOjn, all made 90 judgensents of per- 
ceived reading efforts. The results showed that: 

1. The close context is really in^rtant for the perceived reading 
effort. 

2. The color of a terminal should be rather discrete. Best of all 
90 combinations were black text on a white screen with a dark 
grey terminal, cla^ely followed by the context colors black, 
vrfiite and light grey, 

3. It is an advantage when the context color is the same as the 
color of either the color of the text or the backgrouno. The 
ccmbination of context and text/background colors must match 
against each other. If they clashes the reading effort in- 
creases. 

For details please see table 3. 
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Table 3. Judged perceived reading efforts, mean values for context colors 
and ccnbinations of text and background colors, (high values 
good ccinbinations, lew values « bad corabinations) . 



Text/back- 
ground 



Context 



Dark Light 

Blue Red Yellow Green White Black Brown Grev Grev 



Black/VJhite 64 62 59 



59 64 66 62 68 



64 



BlacK/Yellow 51 49 56 



47 47 55 55 



50 



54 



Grey/Black 56 54 56 52 55 54 53 



57 



58 



Blue/Black 53 53 54 



49 50 55 55 



52 



53 



Yellow/Grey 41 39 43 



40 39 41 41 40 



40 



White/tled 33 28 28 



33 



33 30 31 33 



30 



Re4/Green 17 15 16 



20 15 15 16 15 



17 



Alfa scope-^ 41 42 37 39 40 37 44 41 



46 



IBM PC' 



62 61 59 



54 65 61 57 



62 



61 



Facif 



53 56 



53 51 53 55 



55 



57 



1) "Alfa yeUow" (1080-Y40R)/"red bra^" (7020 - YSOR) 



2) "Ice blue" (0005 - R80B) /"Midnight blue" (4040 - R80B) 



3) "White green" (0070 - G10Y)/"Dark grey" (7502 - G) 
n = 20 
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In the fourth study (Blcroqvist & Zwierzak, 1984) the anjbient 
lighting were altered. It was set at four veil defined levels by 
using zero, one, two ot three nondisturbing fluorescent tube 
fittings sinuLating daylight (Luma Colorette) . The windows in the 
laboratory was con^Jletely covered by black textile fabrics. In the 
zero level the room was totally dark except for the light emitted 
by the ccn^xjter terminal. In each experiment the order of the four 
light levels, the different contexts, were selected at random. The 
NCS elementary colors were used for combinations of texts and 
background. Th^is 20 subjects all made 120 judganents of their per- 
ceived reading efforts. The third aiiibient-light-level-part of the 
studv' was a repitition of the first study with respect to the 30 
color combinations possible {See tables 4 and 1) . The results 
showed that: 

1. There was a good correlation with the previos findings. (0,98) . 

2. The ambient light level seem to be of no or very limited 
iii?5orlance for the perceived reading effort. The differences 
between the mean values are within the variation at random. 

For details regarding p.l please see Table 4. 
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Table 4. Jix3ged perceived reading efforts in "mnnal" lighting, mean values 

all subjects, (high vedues « good corobinotions, '.ow values « 
bad casbinations) 

Text 

Background 

White Black Yellow Red Blue Green 

White - 84 4 6a 64 25 

Black 71 - 66 42 C3 70 

YeUow 4 75 - 55 52 U 

Red 52 46 43 - 14 37 
Blue 53 73 5^ 19-48 

Green 13 66 9 25 39 - 



Calculated NCS-values; 1200 (white) , 8500 (black) , 1060-y (yellow) , 
1080-R (red) , 2070-B (blue) , 1070-G (green) . n = 20 
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Pr^nts_puts 



In the fifth study print outs from eight different printers were 
used (for sanples please see table 5} . These print out£. vote 
nmbered and shov^ at random to 40 subjects wt)o judged their per- 
ceived reading efforts of the different texts. The results showed 
that: 

1. From eight tested print outs three cause little reading effort 
and thus are easy to read and quite acceptable. 

2. Reading efforts of print outs are independent of the sex of the 
subjects. 

For details regarding p. 1 please see Table 5. 

It may be concluded from this study and the previous findings that 
at text presented in a good color combination on a visual display 
is easier to read than print outs from several printers. 
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Table 5. Judged perceived reading efforts of counter print outs, mean 
values all subjects, (higli values » easy to read, low values 
» difficult to read) 

Bank Mean Sani>le^ 



"^^ ; 0123456789ABCDEFGHIJKLMN0PQRSTUVWXY2»'dBabcdefghijKlmnopq 

rstuvwxyz35SiQ : 



70 01234567S9ABCDEFGHIJKLMNQPQRSTUVWXYZAoAabcdefgh 
i jklmnopqrstuvwxyzaoau 



68 0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZA*tiAabcd8fgh 
ijklmnopqrstuvwxyzaSai \ 



^5 012345£7a9flBCDEFGHIJKLMN0Paf^STUVWXY2AQAabcdefc 

h i 1 k liYino DC rs': L\v»Hv-^3.bS^ j. 



Ol2345o789ABCD£FGHlJKU'iHOPQRSTUVi4XyZAdAab'zdefg 
h 1 J k iwnopqr s tuvi^xy zaoad 



01234567a?ABC2EF6HlJKLi1NQPQRSTUVHnZAoiai3ciJefghijkltnopqrstuv»xv2s6au 



nil<lf^noDqrstuvwxvzada 



8 



31 



o n » 40 1) In the experiment actual fuilpage texts were used 
ERIC , o 
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